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[Claim 1] An anisotropic conductive connection material 

for connecting a semiconductor element having an electrode at a 
position lower than a passivation film to a circuit substrate having 
an electrode corresponding to the electrode, including an insulating 
adhesive component and conductive particles, wherein the 
conductive particle is a particle in which a surface of a polymer 
nucleus particle is coated with a metallic layer, and an average 
particle diameter of the conductive particles is at least 1.5 times as 
large as a difference between a height of the passivation film and a 
height of the electrode of the conductive element. 
[0007] One of members to be connected by the anisotropic 
conductive connection material according to the present invention 
is a semiconductor element comprising electrodes at positions 
lower than passivation films provided on the semiconductor 
element. An example of the semiconductor element thus 
constituted is a semiconductor element not provided with such a 
protrusion as a bump on the electrode, which is generally called a 
bumpless IC. The semiconductor element thus constituted 
comprises the passivation film in a periphery of each of the 
electrodes, and the height of the electrode is smaller than that of 
the passivation film. Examples of resin used in the passivation 
film are polyimide resin, polybenzocyclobutene, 
polytetrafluoroethylene (Teflon, registered trademark), and the like. 
[0008] The other of the members to be connected, to which the 
semiconductor element thus constituted is connected, is a circuit 
substrate, wherein electrodes are provided at positions 
corresponding to the electrodes of the semiconductor element, and 
a circuit pattern is formed so as to be extended from these 
electrodes to other sections of the substrate. Examples of the 
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circuit substrate are a resin substrate such as an epoxy resin / glass 
substrate, a glass substrate, a flexible resin substrate made of 
polyimide resin or the like, and the like. As the electrodes are 
used conventional conductors made of copper, silver, aluminum or 
the like. 

[0010] As examples of a base resin of thermosetting resin used in 
an insulating adhesive component in the connection material 
according to the present invention, any of epoxy resin, urethane 
resin, phenol resin, polyester resin including hydroxyl groups, 
acrylic resin including hydroxyl groups, and resin which is cured 
by heating or irradiation of UV or the like when used in 
combination with a curing agent can be unlimitedly used. In view 
of a curing temperature, a curing time, stability when preserved, 
and the like, epoxy resin is particularly preferable. Examples of 
the epoxy resin which can be used are bisphenol-type epoxy resin, 
epoxy novolac resin, a epoxy compound including at least two 
oxirane groups in its molecule, and the like. Other possible 
candidate may be radical polymerization resin. As these resins, 
products commercially available can be used. 

[0011] The base resin in the thermosetting resin is generally 
curable when used in combination with a curing agent, however, 
the curing agent is unnecessary in the case where functional groups 
contributing the curing reaction are bonded to the base resin. As 
the curing agent may be used a substance which reacts with the 
base resin and cured by heating, irradiation of light or the like, 
such as imidazole, amine, acid anhydride, hydrazide, 
dicyandiamide, a modified product obtained from these substances 
or the like. Other than the foregoing examples, a commercially 
available product can also be used. A latent curing agent is 
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preferably used as the curing agent. 

[0013] In the present invention, a thermoplastic polymer material 
can be blended with the adhesive component so that the connection 
material can be used in the form of a coating material or a film. 
Examples of the thermoplastic polymer material which can be used 
are phenoxy resin, polyester resin, acrylic resin, NBR, SBR, and 
the like. 

[0015] Examples of the polymer nucleus particle constituting the 
conductive particle which can be used are epoxy resin, styrene resin, 
silicone resin, acrylic resin, acrylic / styrene resin (copolymer of 
acrylate and styrene), polyolefin resin, synthetic resin such as 
melamine resin or benzoguanamine resin, divinylbenzene 
cross-linking substance, synthetic rubber such as NBR or SBR, and 
a particles obtained from the combination of these substances. Of 
these examples, styrene resin, acrylic resin, acrylic / styrene resin, 
benzoguanamine resin, and divinylbenzene cross-linking substance 
are preferably used. A hardness, elasticity, and the like of the 
polymer nucleus particles are not particularly limited, and any 
substances in which the hardness, elasticity, and the like are 
appropriate can be selected. 

[0016] In the metallic layer coating the polymer nucleus particles, 
one or at least two of nickel, gold, copper, silver and the like can be 
used, and nickel is preferably used. These metals are preferably 
applied to the surfaces of the polymer nucleus particles by means 
of the electroless or electrolytic plating. A film thickness of the 
metallic layer is 5 to 300 nm, and preferably 10 to 200 nm. As for 
a constitution of the metallic layer, a metallic layer comprising 
nickel plating as an underlay coating and gold plating applied 
thereon is especially preferred, in which case a film thickness of 
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the ground nickel plating is 10 to 300 nm, and preferably 30 to 200 
nm, and a film thickness of the gold plating is 5 to 100 nm, and 
preferably 10 to 30 nm. 

[0020] In the present invention, the hardness (K value) of the 
conductive particles is 500 to 100,000 N/mm 2 , and preferably 1,000 
to 8,000 N/mm 2 . The passivation film made of resin such as 
polyimide resin is easily damaged by metallic particles. However, 
any damage of the passivation film can be prevented when the 
hardness (K value) is set to the foregoing values. 
[0032] In Fig. 1, 1 denotes a circuit substrate, which comprises 
electrodes 2. 3 denotes a semiconductor element such as an IC 
chip, which comprises electrodes 4 and passivation films 5 made of 
polyimide resin in the periphery of the respective electrodes 4. 
The electrodes 4 are provided at positions lower than the 
passivation films 5, and a difference between heights of the 
electrode 4 and the passivation film 5 is h. The electrodes 2 and 4 
are provided at positions opposing to each other, and connected to 
each other such that they face each other with a connection material 
6 having a film shape interposed therebetween. An insulating 
adhesive component 7 including thermosetting resin and conductive 
particles 8 constitute the connection material 6. When a 
connection material in the form of paste is used, the circuit 
substrate 1 is coated therewith. The conductive particle 8 has a 
structure where a surface of polymer nucleus particle 8a is coated 
with a metallic layer 8b. An average particle diameter d is at least 
1.5 times as large as the difference h between the heights of the 
passivation film 5 and the electrode 4, and at most 0.5 times as 
large as an interval s between the adjacent electrodes. 
[0033] Describing a connecting process, the connection material 
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6 is placed in a connection region of the circuit substrate 1, the 
semiconductor element 3 is placed so as to face the electrodes with 
the connection material 6 interposed between itself and the circuit 
substrate, and a pressure is applied in an arrow xy direction while 
the connection material 6 is heated at the same time. Accordingly, 
the adhesive component 7 of the connection material 6 is melted 
and flows into between the circuit substrate 1 and the 
semiconductor element 3 where the electrodes 2 and 4 are not 
present, and the thermosetting resin is then cured. As a result, a 
connected body 10 is obtained as a result of mechanical bonding. 
The conductive particles 8 are interposed between the electrodes 2 
and 4 facing each other and thereby electrically connected thereto, 
while the adjacent electrodes 2 and 2 and the electrodes 4 and 4 are 
electrically insulated from each other. 

[0034] In the foregoing constitution, wherein the hardness (K 
value) of the conductive particles 8 stays within the foregoing 
ranges, any possible damage to the passivation film 5 can be 
prevented. Further, the conductive particles 8, which has the 
particle diameter d which is at least 1.5 times as large as the height 
difference h, are compressed between the electrodes 2 and 4 facing 
each other and retain the contact thereto. Therefore, the electrical 
connection can be obtained. Even in the case where the electrodes 
2 or 4 are coated with an insulation film such as an oxide film, the 
electrical connection can still realized through the insulation film 
when the Mohs hardness within the foregoing ranges is retained. 
The conductive particles 8 are dispersed in the adhesive component 

7 between the adjacent electrodes 2 and 2 or 4 and 4, and the 
electrical insulation is thereby retained. When the particle 
diameter d is set to such a value as at most 0.5 times as large as the 
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inter-electrode intervals, short circulation possibly generated by the 
transverse contact of the particles can be prevented. 
[0036] Embodiment 1 

5 pts.wt. of conductive particles in which nickel plating 
layers are formed on surfaces of benzoguanamine resin particles 
(manufactured by Nihon Chemical Industrial Co., Ltd., average 
particle diameter d = 5 jim, hardness (K value) = 7,490 N/mm 2 ) was 
evenly dispersed in a thermosetting insulating adhesive component 
in which 50 pts.wt. of epoxy resin (EPICOAT 1009, product name, 
manufactured by Japan Epoxy Resins Co., Ltd.) and 45 pts.wt. of a 
latent curing agent (HX3721, product name, manufactured by Asahi 
Kasei Corporation) were mixed, so that an anisotropic conductive 
connection material film having the thickness of 20 |nm was 
obtained. The film was interposed between an IC chip (outer 
shape = 6.3 mm 2 , h = 1.4 jam, s = 100 (im) in which aluminum is 
used as a material of an electrode surface (thickness = 1 ^im) and a 
glass / epoxy circuit substrate (material of electrode = copper 
(nickel / gold plating), electrode thickness 18 |j,m), and they were 
thermally bonded to one another for 20 seconds at 180D and 150N. 
A conducting resistance immediately after the connection was 5 to 
10 mQ per terminal, and an insulating resistance between the 
adjacent electrodes was at least 10 8 Q. Thus, the obtained 
connection was favorable. 
[0037] Embodiment 2 

5 pts.wt. of conductive particles (manufactured by Nihon 
Chemical Industrial Co., Ltd., average particle diameter d = 3 |im) 
having a different average diameter and made of the same material 
was evenly dispersed in the thermosetting insulating adhesive 
component prepared in the embodiment 1, so that a connection 
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material film having the thickness of 20 \im was obtained. The 
obtained connection material film was interposed between an IC 
chip and a circuit substrate having the same specifications as those 
used in the embodiment 1, and subjected to the thermal bonding 
under the same conditions as those in the embodiment 1. The 
conducting resistance immediately after the connection was 5 to 10 
mQ per terminal, and the insulating resistance between the adjacent 
electrodes was at least 10 8 Q. Thus, the obtained connection was 
favorable. 

[0038] Embodiments 

5 pts.wt. of conductive particles (manufactured by Nihon 
Chemical Industrial Co., Ltd., average particle diameter d =10 \im) 
having a different average diameter and made of the same material 
was evenly dispersed in the thermosetting insulating adhesive 
component prepared in the embodiment 1, so that a connection 
material film having the thickness of 20 \xm was obtained. The 
obtained connection material film was interposed between an IC 
chip and a circuit substrate having the same specifications as those 
used in the embodiment 1, and subjected to the thermal bonding 
under the same conditions as those in the embodiment 1. The 
conducting resistance immediately after the connection was 5 to 10 
mQ per terminal, and the insulating resistance between the adjacent 
electrodes was at least 10 8 Q. Thus, the obtained connection was 
favorable. 
Fig. 1 
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^©J;5'5C;tlS*<ffiffi'e^s 0Qx.l4\ h;i/X> % ME 

j§SE©fi6fflMI4. ^BgfiE^lc^LT2 0~4 0S2 

c t ic j: y m&ir -5 c <b a<t- # -5 „ 

[0026] ±iB©m^«»^s4^--5mM£*-r-5i$ 



(5) 
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i=aa*m*a*L, iM4&&-r&;i,bfc< 

^o) \z jc o rft 5 =. 1 -e # -5 . 
Co 0 2 7] ±iHcDS8ifl)xg-ci*. @S§gffi.k¥3*t* 

m*M\z&m&nzit&zi£tz&Bvi5at£LTmm#n 

<Dmm&%®Zl*:1m&-fZt, BBft:ttBBfi<aBib L 

b^bsbb?-*. c*Lic«fey^(S]-r*mfiiraromsiM 
**t»*«t^« c «t ict y . /< v a y <e 

[0 0 2 8] ±IBI=«fcy@»3£ffit*SI(*:3K ; f : *lt«lL 

m& y«i^B«>BasEB»«i::»awi=fta-r*:: 

[0 0 2 9] 

[BHaa*] **s«>ll»tt»t»«««i=**itf, 

[0030] *Lr»«ttttT-©jp«atta*w«-r*m 

aa7A£ftjt-r«::£ftt-e*« aatttt^o^BB* 
aatt«a-e»«-r«ci:i=j:y. *&i=w©»»ttit 

^■T-Sc *fc^«tt#4^-i: L.r#S(0e!g (Ktt) <Dt 

t-maw&ia* mmz+& 

a. 

[003 1] 

imwmmt&omm kit, *«naxiioeii«HB 



i-j; y »«■*-*. n i i*sus»a©}*at*:<oaa+©tt 

BttiSlC B»*y*.BBtttt*- 8 0***14** 
<. ai4d>«t<BSS;h.Ti**. 

[0 0 3 2] 1 l*0B*ffi-e, lfi2S 

*f*. 3 I* I Cf-^Sffl)*3«:S^iS4fcJ:i; 
■tWHBI-TKy-f 5 K»BB0)/<f *>a >B5* 
frT-S. Bffi 4 (*/<«:/£"<— S/a >B5 <fc y«LxfitBI= 
Blf&tU -f-OTS^OTMIih irfcoTU-So «a2fc«fc 
10 l/4l4«»-r*aBI=Blt&*U CHt.A<S4rS]Lfctt® 

B6 MJMEfl:ttBB«B«r«BBtta)BBBB»7 t 

B^*t*i*BB*«ii=3— r-f aimtt^t 

^ 8 liiStt^&ttiK^ Sa(0$i$iEg8b -eaa L 
fcBBifcoTfcy. ¥*M&« d 14/ a >B 

5iBa4os$fl)ghro i . sbjsu:. aa-r^aa 

4a>P B "JR3s0>O. SBKTFirfco-Cl**. 
[o 0 3 3 ] &B5BI4BBBB 1 09BBB*l=BBtt 

20 **6£«tK ^h&mt;£ 5 fz^^m^3 znmiztt 

fiitttl*, BB*t»6*»BLa:3b«656Hix 
lc*n)I-r-5. ^*il=J:yiS««»6<0ffi»BJS»7(*jS 
HiLT. mS2, 4A<??SL7 fc cE^S15^(D®ffiSffi1 £:¥ 
BttB^ 3 m<DMBl=a*iTBB1bttBBfi<&fl: L . B 

bhbbk^ubbbi o«t*&*i.&. mwtem+ate 
»Ri-r*«a2, 4raictt*ttr«ae<)^A < fi^H€) 
tttrc Ba-r-&sa2, 2p B i*f-i±4, 4p B ^T*i±*& 

[0 0 3 4] zcoif^r, ^mttia^sliSfilEBJHfflSJt 
30 (KB) SttSfcft. /<f a >I 5 £«Mlt 

£*-f£ro-t?. »firt-*aa2. 4iHi::EB*Jh.-cB«i 

!*4l=B<bBBOBBaB*«»a**t4«*-c*ttEB 
HOTMoh sB4fr* = tl=J:yBBaB*B*«-3 
•CBBM»B*«ff43*i*. c<D»Btttt*8(4BB-*-* 
W&z. 2ra*fcl*4, 4B-Ctt«B*IB»7*l=5Mlk 
LTBBtt*«B***i«36<. «gd^ma^|iis<DO. 

5 ftisiT t -r 4 c 1 1= «»: y . *4^*<a^is] iztsflt -r § c 

40 i:lz<fc-5S«&lil»ib**vSo 
[0 0 3 5] 

immm] kit. *BMfl>BB«i=oL^rBB-r*. 

[0036] HJSiW 1 

x/K+->^Sg (itfa-H 0 0 9. »ft->x;ux/K4r 
v (B) B. Sp d d«) 5 0fiBBtBffi14B<bffl (HX 

3 7 2 1. M?'} (B) a. ffin n n«) 4 6lMiiff 

LfcfSftSE<bMa>^JtttS^S'Jja^*l3, <<zsy<f7-t-s. 
>BB8t : F-fl5BBI=-V'tr;utoo*B*JKfiELfcBBtt 
BT (B*{t¥l* (») B. ¥B»*«d = 5jum, 
50 8!^ (KM) 7 49 0N/mrr>2) 5 fiSfiiI5-^|-l-» 
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Sfc£-t±fcJ?* 2 o v mron;*3?mi±f&8t*m? -r )UA£ 

(J?^1 j/m) I CJ-yZf (*Hf£6. 3mm 

2 , h = 1 . 4//m, s = 1 00(/m) <h TJ'^X/I^ 

gf^18/im) (OUttt^ 1 8 0U 15 0N-C2 

5~iomQ, mftttomai&Jtttttii 1 o«njii± 

[0037] Ht£ffll2 10 

(tt) Ss TOfi^S d = 3 v m) 5Sfl:gI5^^)-lc«- 
tk*-&f=J1^2 0//mC0S^*t*47-<;UAS^S!U. c 
*t£ftffi0!l 1 r-ffifflLfci¥«*t*4i:l^tt«0) I Cf;? 

fc. ttttK*a>«Xttttl*1tll?-ftfey 5-1 OmQ. 

BM$sffiHJ]«>tfe«»iSi*i o«qjji±t% 

[0 0 3 8] nMM3 20 

m) sl ¥^is?-sd = i o//m) sasgp^ia-i- 

#ffc$#fcj?<* 2 o ^/ m<D&8l*m:7 * ;uA£ttK U 
Lfc. JSffcil&OTSilfttali 1 ttTftfc y 5 ~ 1 0 m 

q. m&nmKo>im&mf \ o»q &l±-q. &&&& 

[ O O 3 9 ] mt&ffl 4 30 

(1*) SL TOUTS d = 2 0 /i m) 5figgP£«3-|Z 
2 O u rnO&mtt&Z* < ^AJ ftSi U 
C*i££tfc*| 1 rttJHLfclTO»mi:Htt«© I Cf »; 
?£|alttfttta>nill=&*. «fi«HtH*frl=T*Ef 
Lfco ttttlt&Otta&ttl* 1 *ffftf= y 5 ~ 1 Om 

[0 0 4 0] 40 

1 T'ffc§SLfcfl7J#mttl£&*m^-r )UA£«« 

ff26. 3mm 2 , h = 1 . 4 ft m s s = 1 O O p m) <h 

tfcot) . 8//m) roffllC}*^., 1 8 0 

°C. 1 5 0NT-2 0«?IHI»ESLf=. SfiElE^<Dj9»» 
tttfc 1 HTfcfe ■* 3~8mQ, mftttaill|0f£ltjfttt(l 
1 o««Lfc-e. A»*»«wc*fc,; 



[ O O 4 1 ] tt«iW 1 

SIS (Kfil) 40000N/mm 2 ) 5 2fiS5£«D — IC 
»«*14-fcJ?*2 O/imro^-r^A^f^StL. C^^SI 

>«**#*y, i c^'>^<DiHiK^««-r*Bs*a^fi 

Jb<S£±Lfc. C03<t^rom^»Slli5~ 1 O O OmQ 

[0042] tb«mz 

M^MT UBfcJS (80 ¥*5ttT«5j/nrK « 

S. (Kfil) 2 00 0 0N/mm 2 ) 5figg|5£«3-|::# 

flii-e«fflLfcfF«»»tntt*©i cfv^t^x 

M*SS*«y. IC*t/?©EII&*aMrt-«R«*fiOTB 

ans-e * * t ft o ^ t* ©«i*--csj je^Hfi-e 
ftofc„ tot, AttttMUtff&httfrofe. 
[0 0 4 3] ±gBOjsgm. SlJfifflll ~5<DJ:5I-S«-T 

d©1. 5f&ei±-efe**«tt«lT*ffl^*ci:izj: 
y , a ^K<k y ««iMftBi=ma«*-r« 

«!-r-5zi:A<-C#-57!)<. ttttff 1 , 2© «fe 5 
[0 0 4 4] 

I T O (Indium Tin Oxide) fMi£ 1 
JiJI^-r-Stf^XgtE.!:, IffitLT/O? (5 0//m 
x150//m, lf7f 80«m, 9 O t» ^ 1 JIJIC* 

tt*m«ttA-CMMd«. I T0tai:»fit*/0^ 

ott«*»i*fiii=-r&-&r*jt*ci:i=j:yi»»-*-« I 

[0 0 4 5] 
[£1 ] 
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5§U 





n>y/«SHffi« (Mm) 


0 — 5 


6 — 1 0 


11-15 


1 6-2 0 


2 1 — 2 5 


(%) 


8 5 


7 6 


7 0 


5 8 


3 2 



HJ6«6l-fc^T, HtfeWl^mte&^W^ffiKT^ [0047] 

S2 







0—5 


6—1 0 


11 — 15 


1 6 — 2 0 


2 1 — 2 5 


(%) 


1 2 


5 


0 


0 


0 



[oo48] mmme-KDmm&v. mn&&*<D%L 






1 






2. 4 


mm 




3 






5 






6 






7 




[12] Wft^-coffiSBEffi^WMireOBaffS^-ry^ 


8 




^T*fc^>o 30 


8 a 




[03] afaia^coiiiE^ibKfiit^Biffi^-r^^ 


8 b 






1 O 





[01] [0 2] 
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